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Abstract

Silica aerogels can be used as adsorbents to remove organic pollutants
due to their porous microstructure and outstanding properties such as
low density and high porosity. However, their application is limited due
to the high cost of production. Therefore, it is recommended to use
the inexpensive precursor of glass water and the low-cost ambient
pressure drying. In this study, the hydrophobic mesoporous silica aerogel
was prepared by water glass (WG) and methyltriethoxysilane (MTES)
co-precursor with molar ratio of MTES / WG = 1.5 through the sol-gel
method followed by pressure drying which used as an adsorbent.
The results showed that the optimal conditions of pH = 8.5, two-stage
aging, sodium ion washing, and most importantly, the use of
cetyltrimethylammonium bromide as a surfactant led to the preparation of
an aerogel with outstanding properties such as a low density
(0.102 g/cm®), high contact angle (1409, porosity (95%), high specific
area (1588 m?/g) , and the average pore size of 5.7 nm. The adsorption
capacity of aerogels was measured in 6 different solvents: gasoline, oil,
hexane, toluene, chloroform and ethanol. The results of adsorption
capacity showed that the prepared airgel absorbed oil about 20 times,
gasoline about 5.9 times, toluene about 4.4 times, and hexane about
2.7 times more than activated carbon. Repeatable adsorption
characteristics of the samples were also checked by performing cycling
tests for crude oil and concluded that the aerogel kept its original shape
and structure until the sixth cycle and the absorption capacity showed
a very small decrease until the fourth cycle.
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Table 1. Effect of pH on gel time, hydrophobicity and absorption properties of silica aerogel.

Ethanol Hexane

(r/gr) (gr/gr)
6 2.1 15
7.5 2.8 2.8
8.5 3.5 3.2

Gasoline Gel time Contact angle
(grigr) (min) )
2 25 140
5 14 140
3.2 8 140

Iranian Chemical Engineering Journal — Vol. 23 - No. 135 (2024)



S b (F) H=A/O (*) pH=V/0 (Y) pH=# (1) :lids Jos pudi ju oudidags slad59 5T (s 908 o 8,138 yaglaas N Jsii
CTAB jguaa jo (V) CTAB Glad jo (P) casoes (5 93 (5 9udi g&aeuncdi § 9 (sl 5o 90 (5 jlens yas (8) (sldas yosa

Figure 1. Images of water drops on aerogels prepared in different conditions: (1) pH=6, (2) pH=7.5, (3) pH=8.5, (4) one-stage aging,
(5) two-stage aging stepwise and without sodium ion washing, (6) in the absence of CTAB, (7) in the presence of CTAB.
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Table 2. Effect of aging conditions on hydrophobicity and absorption properties of silica aerogel.

Ethanol

Aging condition @rigr)

Two step:25-60 °C

One step:25 °C

Hexane

(gr/gr)

Gasoline

Contact angle
(grigr) ®
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Table 3. The effect of sodium ion washing on the properties of the silica aerogel.

Bulk density Surface area Pore volume Pore diameter
(g/cmd) (m¥g) (cm3/gr) (nm)
washed silica aerogel 0.15 1057 0.72 2.75
Unwashed silica aerogel 0.26 745 0.42 2.2
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Figure 2. Nitrogen adsorption/desorption isotherm of washed and unwashed silica aerogel.
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Figure 3. Pore size distribution of washed and unwashed silica aerogel.
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Table 4. Adsorption capacity and hydrophobicity of washed and unwashed silica aerogel.

Ethanol
Preparation condition @rlgr)
washed silica aerogel 9
Unwashed silica aerogel 35

Gasoline Contact angle
(grigr) @)
5.6 7.9 140
3.2 3.2 145
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Figure 4. Appearance of silica aerogel in the absence (1) and presence of CTAB (2).
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Table 5. CTAB effect on the silica aerogel properties.
Surface Pore

—~

Bulk density Porosity

area volume Pore diameter
/cm?3 yA

(g cm ) (/) (mZ/g) (Cm3/gr) (nm)

Silica aerogel
0.012-40.102 95 1588 2.96 569

(presnece of CTAB)

ili |

Dl 0.02+0.15 93 1057 0.72 2.77

(absence of CTAB)

CTAB jgudas g ilad o lSabus 5941 i oljae £ Jgaa

Table 6. Adsorption capacity of silica aerogel in the absence and presence of CTAB.

Toluene Crude-Qil Ethanol Hexane Gasoline
@r/gr) r/gr) @r/gr) @r/gr) r/gr)
Silica aerogel (absence
i gel (abs 1.12+5.4 0.95+7 1.85+9 11456 1.3547.9
of CTAB)
ilica aerogel
Silica aeroge 133475 04587 1514113 072475 0944101
(presnece of CTAB
Enhancement (%) 38.8 24 25.5 34 27.8
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Figure 5. Pore size distribution diagram of silica aerogel in the absence and presence of CTAB.
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Figure 6. Nitrogen adsorption/desorption isotherm of silica aerogel in the absence and presence of CTAB.
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Figure 7. Microstructure of the prepared silica aerogel at optimal conditions.
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Figure 8. FT-IR spectrum of silica aerogel prepared under optimal conditions.
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Table 7. Absorption capacity of the prepared silica aeroge in this study with aerogels prepared in other studies and carbon absorbent.

Crude-Oil Toluene Gasoline Ethanol Chloroform
Al
dsorbent (gr/gr) (gr/gr) (grigr) (grigr) (gr/gr)
This study 0.72£7.5 0.45+8.7 1.33£7.5 0.94+10.1 1.51+11.3 0.4£11.43
Silica aerogel
6.6 7.8 7 6.9 =
[25]
Silica aerogel
4, .22 - -
[21] 09 5
Activated
2.7 42 1. 17 -
carbon [25] 0 69
Silica gel[33] - - 0.8 - -
Silica aerogel _ _ 6 _ _
[33]
Silica aerogel
8.5 - - - 9.5
[23]
Silica aerogel
6.48 - - - 9.83
[22]
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Figure 9. The image of the aerogel during the oil absorption test, the physical appearance of the aerogel before (1) and after the

absorption test (2).
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Figure 10. Absorption rate of aerogel in different absorption/desorption cycles of crude oil/water mixture.
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